We have investigated experimentally how properties of NdFeAsO0.8F0.2 superconductor affected due to the substitution of the calcium by the neodymium. We have synthesized polycrystalline Nd1-xCaxFeAsO0.8F0.2 samples with x=0, 0.01, 0.025, 0.05 and 0.1 through the one step solid-state reaction method. The X-ray diffraction patterns, refined using the MAUD software and Rietveld's method, have indicated the formation of tetragonal structure with the space group P4/nmm:2. We studied various structural parameters such as lattice parameters, bond angles, bond length, and etc.
Introduction
The discovery of iron-based superconductors (FeSCs) continues more than a decade and these superconductors have attracted the attention of researchers due to existence of their superconductivity and magnetic properties, simultaneously [1] [2] [3] [4] [5] .
The FeSCs are one of the types of high temperature superconductors and have a layered structure like cuprate superconductors [6] [7] [8] . Among of FeSCs, the 1111-type with common formula of ReFeAsO1-xFx (Re reperesnts rare-earth element atoms) have the highest superconductivity transition temperature (TC) and the FeAs layers act as the superconductive planes and the Re(O/F) layers are the charge reservoirs [9] [10] [11] .
Doping at the Re(O/F) layers by substitution of the electron or hole dopants changes the TC of FeSCs and the effect of these substitutions is discovered on their electrical and magnetic properties [12] [13] [14] . The effect of the calcium substitution on the structural, electrical and magnetic properties of FeSCs was discovered in the 122-compounds [15] [16] [17] but the effects of calcium doping on the 1111-type has researched slightly. A. Marcinkova et al. investigated response of the crystal structure and electronic properties to the calcium substitution in the Nd1-xCaxFeAsO compounds [18] . He found that the calcium solubility structure was restricted to x0.05 and the superconductivity didn't occur with an increase in the calcium content. Later, P. M. Aswathy [19] . He reported the synthesis of Nd1_xCaxFeAsO1-2xF2x (with x=0.15, 0.2) superconductors and described that the sample with x=0.2 exhibited a maximum critical temperature (TC) of 52.3K and transport critical current density (JC) of 1240 A/cm 2 at 12 K.
Among of the 1111-type superconductors, the NdFeAsO1-yFy compounds have the high TC (the maximum TC has been reported for y=0.2), so there are a lot of researches about the substitution effect of various ions on their structural and electrical properties [20] [21] [22] [23] [24] [25] . But the calcium substitution effect on the structural and electrical properties of the NdFeAsO0.8F0.2 superconductor is not studied so far.
In this work for the first time, we study the effects of the Ca/Nd substitutions on Also, we aim to argue about the structural properties such as bond angles, bond length and microstrain comprehensively. We thus study the calcium doping effects not only regarding structural properties, but also in the sense of the superconductivity. In this paper, we experimentally try to emphasize that there is a relation between the structural properties and superconductivity in FeSCs.
Experimental

Preparation method
The polycrystalline Nd1-xCaxFeAsO0.8F0.2 with x=0.0, 0.01, 0.025, 0.05, 0.1 were synthesized by one step solid-state reaction method, based on the preparation method that introduced by Alborzi et.al [26] . 
Characterization
The X-ray diffraction patterns (XRD) of the synthesized samples were performed using a PANalytical ® PW3050/60 X-ray diffractometer with Cu Kα radiation (λ= The XRD data of the synthesized samples have been refined by using the MAUD software with Rietveld's method for the structural analysis, occupancy number and lattice parameter calculations. Table 1 Table 2 and has shown that the impurity phases have the small amounts in all samples.
The XRD pattern of the synthesized Nd-Ca0.1 sample has been displayed in Table 2 and show that the refinement quality (S parameter) of our samples is good and less than 2.2.
The obtained structural parameters by employing the MAUD software for the synthesized samples are listed in Table 3 . It is seen that the lattice parameter "a" is almost constant by increasing the calcium contents, but the lattice parameter "c" and the cell volume decrease. Because there isn't much difference between the ionic radiuses of Ca 2+ (1.12Å) and Nd 3+ (1.11Å), so we need to calculate other structural parameters such as bond angles, bond length, thickness of layers and the distance between layers for explaining the reason of these variations. These parameters for our samples have been listed in Tables 3 and 4 . It is understood from Table 3 that the bond length of the Nd-(O/F) decreases with the increase in the calcium doping.
Based on the MAUD analysis (see Table 1 ) and the positions of the ions that calculated after refinement, the bond length of the Nd-(O/F) determine 2.311 (9) Table 3 ). Also these values decrease by increasing the calcium content.
It is evident from Table 3 Table 4 ). Also, the change of the (O/F)-Nd-(O/F) angle is effective on the variation of the As-Fe-As angles. Table 3 indicates that the bond angles of As-Fe-As "α" and "" decreases and increases by increasing the calcium content, respectively. These issues and the decrease in the bond length of the Fe-As are leading to compression of the Fe-As layer (see Table 4 ). Figure 5 displays the schematic picture of the samples with bond angles of "α" and "".
The FeAs4 tetrahedrons play an important role in the crystal structure of 1111 -structures. T. Nomura et al. [31] investigated the effect of this distortion of the FeAs4 tetrahedron from the regular value (α=109.47°) on the TC. C.H. Lee et al. [32] described that the TC of FeSCs has been reduced by moving away from the regular tetrahedron value. We introduce the α and β parameters as the relative distortion of FeAs4-tetrahedrons from regular one:
Where α regular tetrahedron angle =β regular tetrahedron angle =109.47°. These parameters are listed in Table 4 for the various calcium contents. Due to the increasing of the α and β, it is expected that the TC decreases by increasing the calcium content. By comparing the variation trend of the TC, α and β (see Table 4 ), T. Nomura and H.
Lee's opinions are confirmed.
Furthermore, the contraction of the Fe-As and Nd-(O/F) layers lead to a reduction in the distance between these layers (that are shown in table 4) and decreasing the "c" value and the cell volume. It can be suggested that due to decreasing of the distance between layers, the energy levels are closer together. This may be leads to a change in carrier density on the superconductive planes. From the viewpoint of the BCS theory, a change in the density of states can be changed the TC [33] . As Nomura noted that the investigation of structural parameters can be a good candida to explain the superconducting effects in FeSCs. Similarly to cuprates, the displacement of the O4 to the superconductive plates causes to change the carrier density and so the TC in these compounds [34, 35] . 
Where K is Scherer's constant, β and θ are full width at half maximum (FWHM) and diffraction angle for each peak, respectively [36] . Williamson-Hall plots for Nd1-xCaxFeAsO0.8F0.2 (x=0, 0.01, 0.025, 0.05) samples are shown in Fig. 7(a)-(d) .
So, the calculated microstrain and the average crystallite size of synthesized samples are given in Table 4 . It can be understood from this table that increasing the calcium content leads to an enhancement of the crystallite size. Also, the microstrain of our synthesized samples increases upon increasing the calcium content and for the Nd-Ca0.05 sample is approximately grown three times in comparison to the Nd-1111 sample. According to our results obtained from structural analysis, the lattice parameter "c" and the cell volume decrease by increasing the calcium contents. So the increasing of the microstrains in our samples with the increase in the Ca 2+ ions may be due to the lattice shrinkage.
Morphological study
The FE-SEM images of the Nd-1111 and Nd-Ca0.01 samples have been shown in
Figs. 8 (a) and (b). It can be observed from these figures that the grains are layered and grow by increasing the calcium content. Also they are randomly oriented. Also, the existence of the sharp and distinguishable layers in the synthesized samples shows high accuracy in the choosing of the important temperatures in our synthesis method.
Electrical characterization
The effect of the calcium doping on the electrical properties of the synthesized Nd1-xCaxFeAsO0.8F0.2 (x=0, 0.01, 0.025 and 0.05) samples is studied through resistivity measurements by 4-prob technique. The temperature dependence of R/R0
for our synthesized samples has been displayed in Fig. 9(a)-(b) . For the Nd-1111 sample, the electrical resistivity gradually declines by decreasing temperature and then the superconductivity transition occurs at = 55K. The Nd-Ca0.01 sample represents the structural transition at 125K and then the electrical resistivity slowly decreases by cooling. The superconductivity transition of this sample happens at = 48K. The existence of structural transition suggests that the superconductivity appears in the orthorhombic phase [32] . By more increasing the calcium content, the superconductivity suppresses in other samples: I) the structural transition occurs at 145K for the Ca0.025 sample and the electrical resistivity linearly decreases by cooling and it behaves as a metallic compound. II) The NdCa0.05 sample is not a superconductor and it displays a semiconducting behavior.
Therefore, based on our electrical measurements it can be said that:
1) With an increase in the calcium content, the structural transition temperature shifts to higher temperature. Such behavior are mentioned by S. Matsuishi et al. [37] for the CaTM1-xFexAsF (TM=Ni, Co, Mn) compounds.
2) It seems that the TC decreases by substitution of Ca 2+ /Nd 3+ ions. By comparing the results obtained from our structural and electrical measurements, it can be said that the TC decreases with increasing the relative distortion of FeAs4-tetrahedrons (see Table 4 ). So the angular changes in the superconductivity planes influence on the superconductivity transition. T. Nomura et al. [31] studied the effect of this distortion on the TC in CaFe1-xCoxAsF samples and C.H. Lee et al. [32] concluded that the TC of LnFeAsO1−y compounds have been reduced by moving away from the regular tetrahedron value. Our results are in good agreement with these works. It is Similar to the cuprates [38] .
In addition, Table 4 indicates that the increasing of the microstrain causes to suppression of the superconductivity in our samples upon increasing the calcium content. So, it can be suggested that the study of the microstrain introduce as a global factor for the variations of the TC.
Conclusion
We have synthesized polycrystalline Nd1-xCaxFeAsO0.8F0.2 samples with x=0, 0.01, 0.025, 0.05 and 1 through the one step solid-state reaction method. We have investigated experimentally structural and electrical properties. The X-ray diffraction patterns were refined using the MAUD software and Rietveld's method.
Based on the XRD data refinement, all the synthesized samples had the tetragonal structures with the space group P4/nmm:2. By synthesizing the several samples, based on the MAUD analysis, the calcium solubility limit was obtained 0.05. The decrement of the lattice parameter "c" was explained through the decrease and increase of the bond angles "α" and "β", respectively and as a result the reduction in the thickness of the layers. Due to the increasing of the relative distortions "α"
and "β" the TC decreased by increasing the calcium content. Our structural calculations showed that the microstrain of the Nd1-xCaxFeAsO0.8F0. 
